Laser Structure and Device Simulation
shows schematic cross-sectional views of (a) a proposed ridge structure with steps in both the upper and lower guiding layers, (b) a proposed ridge structure with steps in only the upper guiding layer, (c) a proposed ridge structure with steps in only the lower guiding layer, and (d) a conventional ridge structure without steps in either guiding layer. In Fig. 1 , ∆t p is the thickness of the steps in the upper guiding layer, ∆t n is the thickness of the steps in the e Fig. 1 Schematic cross-sectional views of (a) a proposed ridge structure with steps in both the upper and lower guiding layers, (b) a proposed ridge structure with steps in only the upper guiding layer, (c) a proposed ridge structure with steps in only the lower guiding layer, and (d) a conventional ridge structure without steps in either guiding layer.
lower guiding layer, t 0 is the thickness of the guiding layers without steps, and d is the distance from the bottom of the mesa to the bottom of the upper guiding layer. It should be noted that steps ∆t p and ∆t n lead to an antiguiding effect in horizontal transverse modes.
Rectangular mesas are 3.3 µm wide, the bases are 60 µm wide, and the cavities are 1200 µm long. Reflectivity of the front and rear facets are 2 and 90%, respectively. Layer parameters such as band gap energy, refractive index, thickness, electron effective mass, hole effective mass, and doping concentration are the same as those described in Ref. 6 .
Lasing characteristics are analyzed without including any thermal effects by solving Poisson's equations and Helmholtz equation with a finite element method. Physical parameters and their numerical values, which are used in the simulation, are the same as those described in Ref. 6 . Figure 2 shows kink level as a function of ∆t i (i=p or n) for d = (a) 250 and (b) 300 nm. The closed circles, open circles, and closed triangles represent ∆t i = ∆t p = ∆t n , ∆t i = ∆t p with ∆t n =0, and ∆t i = ∆t n with ∆t p = 0, respectively. For d =250 nm, the kink levels for (∆t p , ∆t n ) = (50 nm, 50 nm), (50 nm, 0 nm), (0 nm, 50 nm), and (0 nm, 0 nm) are 175, 142, 106, and 91 mW, respectively. For d = 300 nm, the kink levels for (∆t p , ∆t n ) = (50 nm, 50 nm), (50 nm, 0 nm), (0 nm, 50 nm), and (0 nm, 0 nm) are 216, 142, 122, and 90 mW, respectively. It is found that both ∆t p and ∆t n increase kink level and the contribution of ∆t p is higher than that of ∆t n . In addition, the kink level for d = 300 nm increased to a greater degree than that for d = 250 nm with increases in ∆t p and ∆t n , because spreading of the injected current for d = 300 nm is larger than that for d = 250 nm. Figure 3 shows the threshold current I th as a function of ∆t i (i=p or n) for d = (a) 250 and (b) 300 nm. The threshold current I th decreases with an increase in ∆t p and slightly increases with an increase in ∆t n . As a result, the threshold current I th decreases with an increase in ∆t p = ∆t n . 
Simulated Results and Discussions

Conclusions
In summary, the dependence of the lasing characteristics of a novel ridge structure with optical antiguiding layers for horizontal transverse modes on step position in the guiding layers was theoretically investigated. It was found that both ∆t p and ∆t n contribute to the increase in kink level, and the contribution of ∆t p is higher than that of ∆t n . It was also revealed that ∆t p decreases threshold current and ∆t n slightly increases threshold current. 
